The genetic basis for natural resistance to lethal infection with Rickettsia akari was studied in over 25 inbred strains, inbred hybrids, and outbred stocks of mice. Inbred mice infected intraperitoneally with the Kaplan strain of R. akari demonstrated three levels of response: susceptible (C3H/HeJ), intermediate The use of inbred mice has facilitated the study of genetic factors in resistance or susceptibility of mice to viral (3, 12, 13) , bacterial (2, 14, 15) , and protozoan (1, 21) infections. Recently, this approach was employed to examine the influence of host genetic background on susceptibility of mice to rickettsial infection. A survey of outbred mouse stocks and inbred mouse strains showed different patterns of susceptibility to Rickettsia tsutsugamushi, depending on the strain of scrub typhus rickettsiae employed for challenge (7) . Study of F,, F2, and parental backcross generations of BALB/c and C3H hybrids challenged with R. tsutsugamushi strain Gilliam indicated that resistance was dominant and controlled by a single gene or a closely linked cluster of autosomal genes not associated with the H-2 locus.
At present, there is very limited information available concerning the influence of genetic factors on the susceptibility of mice to other species of rickettsiae. Rickettsia akari, the etiological agent of rickettsialpox, was found to be lethal for some outbred mouse stocks during initial attempts at isolation and propagation of the agent (8, 9) . A limited survey of inbred mouse strains and assessment of one outbred stock indicated that the BALB/cJ strain and the Mai: (S) stock were susceptible to a very large dose of the Kaplan strain of R. akari (17) . More recently, another brief study of several strains of mice challenged with the M3 strain of R. akari indicated that the DBA mouse strain differed from others in its heightened resistance to lethal rickettsial infection (11) . The resistance of DBA strain mice to R. akari was in direct contrast to results of previous studies with R. tsutsugamushi (7) , which indicated that the DBA strain was exquisitely sensitive to lethal infection. The different response of this inbred strain to each rickettsial challenge suggested that a pattern of resistance quite different from that seen with scrub typhus agents could emerge from the interaction of R. akari with inbred strains of mice.
Rickettsial agents traditionally have been considered simply as mouse virulent or avirulent, with little consideration given to the influence of the genetic background of the host. We believed that a continuation of our genetic studies, employing a member of the spotted fever antigenic group, would provide a broader perspective of rickettsiae-host interactions.
In this report, we (i) present a survey of outbred mouse stocks and inbred mouse strains for susceptibility to R. akari, (ii) assess the resistance of (18) . The R. akari inocula used for mouse challenges were prepared from the second egg passage after completion of plaque purification.
Evaluation of susceptibility. The 50% mouse lethal dose (MLD5o) was determined by infecting groups of five mice intraperitoneally with 0.2 ml each of 10-fold dilutions of a standard suspension of R. akari. In one experiment employing C3H/HeJ mice, the MLD50 was determined after subcutaneous inoculation of rickettsiae. At the time of each experiment, the number of viable rickettsiae in the standard suspension was also determined by plaque assay in chicken embryo fibroblast cells (20) . After 
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Kaplan. The C3H/HeJ strain was clearly the most susceptible, but there was a range of logo MLD5os from 0 to 5.1 ( Table 1) . Examination of several sublines from well-documented strains failed to show a consistent pattern. The three sublines of the A strain showed a similar intermediate level of resistance, but the four sublines of the BALB/c strain appeared to fall into two groups; the C3H sublines examined represented the extremes of the response pattern. In addition, no correlation was apparent between susceptibility to infection and known H-2 haplotypes (19) .
Four outbred stocks of mice examined (Table  2) were all resistant to challenge with R. akari. Replication of Kaplan strain in primary mouse embryo cell cultures. The vast difference in susceptibility of C3H/HeJ and resistant mouse strains to infection with R. akari Kaplan could result from a physiological inability of cells from the resistant mouse strains to support the replication of rickettsiae. To determine whether Kaplan strain organisms could replicate in cells from a resistant animal, embryo cell cultures were prepared from C3D2F, hybrid mice. Similar monolayer cultures of chicken embryo fibroblast cells were also prepared, and duplicate plaque assays were performed with a single suspension of the Kaplan strain. There was no difference in the plaque titer observed with chicken embryo cells, known to support the replication of R. akari (20) , and with C3D2F1 mouse embryo cells.
Immunization of C3H/HeJ mice with Rag akari Hartford. Differences in survival of mice after experimental rickettsialpox infection could be related to host immunological deficiences that preclude an effective immune response to the rickettsiae. To determine whether C3H/HeJ mice could mount a protective immune response, we attempted to immunize animals by subcutaneous inoculation with viable R. akari Kaplan, since this route of administration had produced a nonlethal immunizing infection in previous studies with R. tsutsugamushi (7). We found that either subcutaneous or intraperitoneal inoculation of C3H/HeJ mice with approximately 1 PFU of R. akari Kaplan resulted in a lethal infection. The immunocompetence of these mice was demonstrated by intraperitoneal inoculation of the avirulent Hartford strain of R. akari followed by challenge with the virulent Kaplan strain. Immunization of C3H/HeJ mice was accomplished using either 104 or 106 PFU of the Hartford strain ( Table 5 ). As previously reported (4), the response was rickettsial species specific, since inoculation of mice with R. prowazekii had no effect on their subsequent susceptibility to challenge with R. akari Kaplan.
DISCUSSION
The results of our studies clearly indicated a broad range in the resistance of mice to lethal infection with R. akari. Among the inbred strains, some resistant mice survived a challenge approximately 105 times greater than a dose capable of killing the highly susceptible C3H/ HeJ strain. Outbred stocks were all considered resistant by our criteria, but resistance could be overcome by very large inocula of rickettsiae, as previously reported for the Mai:(S) stock (17) .
The response pattern of individual strains of inbred mice showed little correlation with original breeding stock. The C3H/HeJ strain was the most susceptible tested in this study, whereas the C3H/HeN strain was the most resistant. The BALB/cAnN and BALB/cNCrlBR strains were both resistant, whereas BALB/cDub and BALB/cJ were classified in the intermediate category. Investigators utilizing a strain of C57BL/6 mice, obtained within the Soviet Union, have reported these animals to be highly susceptible to infection with the M3 strain of R. akari (11) . This strain of mice and strain of rickettsiae have also been employed for studies on the pathogenesis of rickettsialpox infection in laboratory animals (10). Our results indicated that C57BL/6J mice were resistant to more than 1,000 PFU of R. akari Kaplan or 1,000 MLD5o as measured in C3H/HeJ mice. Sex of the animals was not a factor, since C57BL/6J females were as resistant as males. There was no indication from the survey of 17 (10) have suggested that resistance of inbred strains of mice to experimental rickettsialpox was correlated with the rickettsiacidal capacity of mouse macrophages. Our studies did not address directly the role of immunocompetent cells in resistance to infection, but the protective response elicited in C3H/HeJ mice by immunization with the Hartford strain indicated that stimulation of the immune system had a dramatic effect on the outcome of the rickettsiae-host interaction. The extreme sensitivity of the C3H/HeJ mouse strain to lethal infection with R. akari Kaplan makes it particularly appealing for further studies on the pathogenesis of rickettsial infection. However, this mouse strain possesses a B-lymphocyte defect which makes it unresponsive to lipopolysaccharide stimulation (6) and evidences differences in macrophage activation for tumor cytotoxicity when compared with the resistant C3H/HeN strain (16) . The influence of these immunological aberrations on rickettsiae-host interactions is unknown, but merits careful consideration in the interpretation of events occurring during experimental rickettsialpox infection.
